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(54) GROUP DI-V NITRIDE SEMICONDUCTOR UGHT-EMITTING ELEMENT 

(57)Abstract: 

PURPOSE: To obtain a light emitting element composed of a group DI-V 
nitrid semiconductor, which reduces the half bandwidth of an emission 
spectrum and increases color purity! 

CONSTITUTION: A group IE-V nitride semiconductor light-emitting element 
is provided with a light emitting layer formed by laminating group IH-V nitride 
s miconductor layers (InXAIYGa1-X-Y, where 0<X, 0<Y and X+Y<1) whose 
conductivity type is different from each other. In the group IH-V nitride 
s miconductor light emitting element, at least one layer of layers 88, 89' 
whos band gap is smaller than that of the DI-V nitride semiconductor 
lay rs constituting the light-emitting layer 4 is formed on a layer which is 
not a light emitting layer. Thereby, a short wavelength component is 
absorbed by the small-band-gap layers 88, 88'. 
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CLAIMS 

[Claim(s)] 

[Claim 1] The III-V group nitride semiconductor light emitting device characterized by forming further at least the layer with 
a band gap smaller than the III-V group nitride semiconductor layer which constitutes the aforementioned luminous layer in 
the layer which is not a luminous layer above in the III-V group nitride semiconductor light emitting device to which the 
laminating of the III-V group nitride semiconductor (InXAIYGa1-X-YN, 0 <=X, 0<=Y, X+Y<=1) with which conductivity typ s 
differ mutually is carried out, and which it equips with a luminous layer. 

[Claim 2] The light emitting device according to claim 1 characterized by the bird clapper from the III-V nitride 
semiconductor with which the aforementioned luminous layer contains an indium. 

[Claim 3] The light emitting device according to claim 1 or 2 characterized by forming the electrode in a layer with a band 
gap smaller than the aforementioned luminous layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[D tail d Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the light emitting device which consists of a ID-V group nitride 

s miconductor (InXAIYGal -X-YN, 0 <=X. 0<=Y, X+Y<=1). 

[0002] 

[D scription of the Prior Art] 1.95eV and GaN have the bandgap energy 3.4eV and whose AIN of a HI-V group nitride 
semiconductor are 6.0eV, and since mixed-crystal InXAIYGal -X-YN of these nitrides is changed to InN by the composition 
ratio to 1.95-6.0eV in a band gap, it attracts attention from before as a material of light emitting devices, such as ultraviolet 
and a light emitting diode (Light Emitting Diode) laser diode (LD) of a visible region. Moreover, with this material, blue Light 
Emitting Diode was realized for the first time in the world recently. 

[0003] The structure of the light emitting device currently used for the present blue Light Emitting Diode is shown in 
drawing 1 . It has terrorism structure to the double by which the laminating of n type contact layer 12 which consists of Si 
dop n type GaN fundamentally on the substrate 11 which consists of sapphire, the n type clad layer 13 which consists of 
an Si dope n type GaAIN layer, Zn and the barrier layer 14 which consists of an Si dope InGaN. the p clad layer 15 which 
consist of a Mg dope p type GaAIN layer, and the p contact layer 1 6 which consist of a Mg dope GaN was carried out to 
ord r. Usually, especially although buffer layers, such as GaN and AIN, are formed between a substrate 1 1 and n contact 
layer 12, it is not illustrating. This light emitting device shows 450nm - 520nm blue - bluish green color luminescence by 
luminesc nee of Zn which is a barrier layer 14, and the Si dope InGaN. An example of the emission spectrum is shown in 
drawing 2 . 

[0004] The spectrum of drawing 2 shows blue Light Emitting Diode which has the main luminescence peak near 450nm, the 
main luminescence peak near 450nm is a peak by impurity level, and the peak near 390nm is a peak by luminescence 
between bands of InGaN. 
[0005] 

[Probl m(s) to be Solved by the Invention] However, since the conventional light emitting device had acquired the main 
luminescence peak with the impurity, the half-value width of an emission spectrum became large, and it had the problem 
that luminescence looked whitish. Therefore, it is in having accomplished, in order that this invention might solve this 
problem, and the place made into the purpose making small half-value width of the emission spectrum of a light emitting 
devic which consists of a HI— V group nitride semiconductor, and raising color purity. 
[0006] 

[M ans for Solving the Problem] The III— V group nitride semiconductor light emitting device of this invention is 
characterized by forming further at least the layer with a band gap smaller than the HI— V group nitride semiconductor layer 
which constitutes the aforementioned luminous layer in the layer which is not a luminous layer above in the HI— V group 
nitride s miconductor light emitting device to which the laminating of the ID-V group nitride semiconductor (InXAIYGal -X- 
YN, 0 <=X, 0<=Y. X+Y<=1) with which conductivity types differ mutually is carried out and which it equips with a luminous 
layer. 

[0007] Moreover, the light emitting device of this invention is characterized by the bird clapper from the HI— V nitride 
semiconductor with which a luminous layer contains an indium. As a mode of a desirable light emitting device, while the 
luminous layer has the 1st principal plane and 2nd principal plane It is the barrier layer which consists of a HI-V group 
nitride s miconductor containing an indium. The principal plane of the barrier layer is terrorism structure in the double 
ins rted in the 1st clad layer and the 2nd clad layer. It is the light emitting device by which the layer which consists of a 
small HI-V group compound semiconductor of a band gap is furthermore formed in the outside of the clad layer of the above 
1st, and/or the clad layer of the above 2nd rather than the ID-V group compound semiconductor of the aforementioned 
luminous layer. 

[0008] It is very desirable, when it will become easy to take OMIKKU and an electrode material and the small HI-V group 
nitrid semiconductor layer of the band gap will raise the efficiency of a light emitting device as a still more desirable mode, 
if an I ctrode is formed in a layer with a band gap smaller than a luminous layer. 
[0009] 

[Function] Usually, with the HI-V group nitride semiconductor of terrorism structure, a barrier layer is inserted into double 
in the clad layer which has bigg r bandgap energy than the barrier lay r. In this invention, the small layer of a band gap 
absorbs a part of luminescence [lay r / band-gap / larger / than the band gap ] by forming in the outside of a clad layer 
the layer which has bandgap n rgy smaller than the barrier layer. That is, by the spectrum of drawing 2 , if the HI— V group 
compound semiconductor lay r (for example, InGaN which has the composition ratio of In corresponding to 440nm) which 
has a band gap smaller than the band gap of InGaN of a barrier layer is formed in the outside of a clad layer, the light of 
short wavelength will be absorb d by the small band-gap layer rath r than 440nm. The half-value width of a sp ctrum 
becomes narrow and it becomes possible from this to raise the color purity of the luminescent color of it. How ver, the 
layer with the aforemention d small band gap cannot be overemphasiz d by adjusting a composition ratio to th range 
which does not absorb the main luminescence wavelength of a light emitting device. 
. [0010] It is the same, even if this operation is attached not only in the light emitting device of terrorism structure to double 
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and is attached to the lem nt of terrorism structur and gay structur to a single. For xampi , in the light mitting device 

of the gay structur which has th main lumin scence peak in 430nm by making a Mg dope p type GaN layer into a luminous 

lay r, if a layer (for example, InGaN quivalent to 420nm band gap) layer with a band»gap smaller than GaN (3.4eV) is 

formed in th layer which is not a luminous layer, th light of short wavel ngth will be absorb d by the InGaN layer rather 

than 420nm. 

[0011] 

[Example] 

The structure of th light mitting device of one xample of this invention is shown in [example 1] dra.w[ng.3 . This has the 
structure where th laminating of th layer 88 (henc forth a small band-gap lay r) with a band gap small r than a luminous 
layer, n type contact layer 2, the 1st clad layer 3, a barri r layer 4, the 2nd clad lay r 5, p type contact layer 6, and another 
small band-gap layer 88' was carried out to order on the substrate 1. 

[0012] SiC, ZnO, Si, etc. besides sapphire (the Ath page, the Cth page, and the Rth page are also included.) can be used for 
a substrate 1. 

[0013] n type contact layer 2 forms GaN and GaAIN preferably, in order to be able to form by InXAIYGa1-X-YN (0 <=X. 
0<=Y, X+Y<=1) containing n type dopants, such as Si, germanium, and Sn. and to obtain a crystalline good contact layer. 
[0014] n type clad layer 3 is the 1st clad layer, and it can form by InXAIYGal -X-YN (0 <=X, 0<=Y. X+Y<=1) which similarly 
contains n type dopants, such as Si, germanium, and Sn. In order to obtain a crystalline good clad layer, GaN and GaAIN are 
formed preferably. However, as long as it only realizes terrorism structure to double, you may omit n type contact layer 2 
or n typ clad layer 3. When it omits, n type layer which remained acts as a clad layer and a contact layer. 
[0015] A barrier layer 4 is a luminous layer and it is desirable to consider as the IE— V nitride semiconductor containing an 
indium. It forms by InXAIYGal -X-YN (0<X, 0<=Y, X+Y<=1) made low resistance still more preferably including p type dopant 
which are II group elements, such as the aforementioned n type dopant, and/or Zn. Mg. The barrier layer which made the 
indium contain is very desirable, when the luminescent color can be freely changed to ultraviolet - orange and the light 

mitting device of a visible region is realized by the content ratio of an indium, and it is desirable to form InGaN in order to 
obtain a crystalline good barrier layer. However, as stated above to double in the case of terrorism structure, adjusting the 
composition ratio of InXAIYGal -X-YN so that the band gap of a barrier layer may become smaller than a clad layer cannot 
be ov remphasized. 

[0016] It can form by InXAIYGal -X-YN (0 <=X, 0<=Y, X+Y<=1) which similarly contains p type dopants, such as Zn and Mg, 
it is the 2nd clad layer, p type clad layer 5 has good crystal Unity, and in order to obtain the clad layer which shows desirable 
p type property, it forms GaN which doped Mg, or GaAIN. 

[0017] p type contact layer 6 can also be formed by InXAIYGal -X-YN (0 <=X. 0<=Y, X+Y<=1) which similarly contains p 
type dopant, and in order crystallinity is good and to obtain similarly the clad layer which shows desirable p type property, 
GaN which doped Mg preferably, or GaAIN is formed. However, as long as it only realizes terrorism structure to double 
similarly, you may omit p type clad layer 5 or p type contact layer 6. When it omits, p type layer which remained acts as a 
clad layer and a contact layer. 

[001 8] Next, although it is the small band-gap layer 88 and 88' which are the feature of this invention, these are formed in 
an InXAIYGal -X-YN layer with a band gap smaller than a barrier layer 4. For example, when a barrier layer is In0.1Ga0.9N, 
it can realize by forming InGaN which made the composition ratio (X value) of an indium larger than 0.1 for making a band 
gap smaller than the barrier layer. 

[0019] In the blue light emitting device which made the barrier layer the III— V group nitride semiconductor containing 

sp cially In, the peak which shows luminescence between bands of InGaN to the short wavelength side of a spectrum 
appears in many cases like drawing 2 . The peak intensity of luminescence between this band is in the inclination which 
b comes strong, when current value of a light emitting device is made [ many ]. Since it is in the inclination for the 
luminous efficiency of a light emitting device to fall and for the luminescent color to shift when luminescence between 
bands becomes strong, it is very convenient to lose luminescence between this band. Then, if a small band— gap layer is 
formed like this invention, since luminescence between bands will be absorbed, the light emitting device which shows the 
desirable luminescent color from which the luminescent color does not shift is realizable. 

[0020] In addition, although the small band-gap layer 88 and 88' are formed in the both sides of the 1st clad layer and the 
2nd clad layer in drawing 3 . it cannot be overemphasized that you may form in either. When forming in either, it is desirable 
to form in the outside of the clad layer which becomes a luminescence observation side side. Furthermore, p contact layer 
6 is omitted, if it is p contact layer which should dope p type dopants, such as Mg and Zn, to small band-gap layer 88'. and 
should form an electrode in it as a p type, OMIKKU with an electrode will become is easy to be obtained, and luminous 
effici ncy will improve. 

[0021] [Example 2] drawing 4 is also the cross section showing one structure of the light emitting device of this application. 
This shows the light emitting device which the band gap was smaller than the p types GaN24 and GaN which doped the Si 
dop n+ type GaN layer 22 with large electronic carrier concentration, and the Si dope n types GaN23 and Mg with small 

lectronic carrier concentration, for example, carried out the laminating of InGaN99 which has a band gap to 400nm to the 
front face of a substrate 21. 

[0022] A luminous layer is the Mg dope GaN layer 24, and this light emitting device makes near 430nm the luminescence 
peak. However, since the small band-gap layer 99 is formed, the small band-gap layer 99 absorbs the wavelength of 400nm 
or less. Ther for , since the light mitting device which cut a part for an ultraviolet lin part is realized, a light emitting 
devic with having [ littl ] a bad influence also on a mould r sin is realizable. 
[0023] 

[Eff ct of the Inv ntion] If a lay r with a band gap smaller than a luminous layer is formed according to this invention as 
explained above, the wavelength which has energy with the bigger layer than the bandgap energy will be absorbed. Although, 
as for a luminescence device lik Light Emitting Diod . th mould of the light mitting device is generally carried out by 
resins, such as epoxy, a mould resin has many which are asy to deteriorate to ultraviolet rays. Then, since a part for an 
ultraviolet line part is cut according to this invention when a III-V group nitride semiconductor realizes a blue light emitting 
device, the desirable luminescence device in which a mould resin cannot deteriorate easily is realizable. 
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[0024] Since th portion of a blue glow can be cut according to this invention when a gr en light emitting device is realiz d 
by the barri r layer which furthermore contains an indium, color purity improv s, and a desirable light mitting device can 
be offered. « «■ 

[0025] Mor over, it means forming a filt r with th same mat rial as the semiconductor which constitut s a light emitting 
device, and it is desirable on IE, th light emitting device excell nt also in reliability can be offered, and the utility value on 
the industry is great. 



[Translation don .] 
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DESCRIPTIO N OF DRAWINGS ' 

[Bri f D scription of the Drawings] 

[Drawjng 1] The type section view showing one structure of the conventional HI— V group nitride semiconductor light 
mitting device. 

[Drawi ng 2] Drawing showing the emission spectrum of the conventional HI— V group nitride semiconductor light emitting 
d vice. 

[Drawing. 3] The type section view showing the structure of the IH-V group nitride semiconductor light emitting device 
concerning one example of this invention. 

fDrawing 4] The type section view showing the structure of the HI— V group nitride semiconductor light emitting device 

concerning other examples of this invention. 

[D scription of Notations] 

1 ... Substrate 2 ... n contact layer 

3 ... n clad layer 4 ... Barrier layer 

5 ... p clad layer 6 ... p contact layer 

88 88' ... Smallness band-gap layer 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 



pli 




[Drawing 2] 



100 






(X) 






56 






* 50 






a 






& 










^1 L 1 1 



300 400 500 600 700 



Sft A 



( n m ) 



[Drawing 3] 




[Drawing 4] 
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